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X* IMTftJl/OwTIuH 



A. L«veX 0 f«ont ol' ttiv wff-siioni ^^roblMi 
ths p«trol«un Indus try tv&e tumsd aeurard in its searoh for noro 
oil| oilf necdsd to it««t tuo 0 toady riea In tho dMand of our e^panduis 
0 oono»y; 0I4., nardsd for an adequate, raad>, domeetlo reserve and^ oJLx> 
esaentlax to eup>Jort Utat ecjfuny In Ui« future, wnutever it nay noXd* Tda 
8UOOO8S of Uile venture will norh tbe ojintinuotion of Uie contributions of 
UHe vigorous industry to tho national deatizty* 

Off-ohore iocatloro» bave presented a wore ccwpiex oriiiirii. and pro- 
duction probisH than previous inianU luuationc. The oepU< of water and 
tile wide variation of eater su face CN/nditiuna have node tha baoio drixiln^ 
requirement of no relative notivon between tht$ drliling ri^ and the wexi bore 
aiq>«nsive to meet* The destructive power of ocean atom waves, cincs, tides 
and Currents has eade driillnv o&a production structures difficult and ax- 
peosiva to ercot and KCintsin* Transportatlwn and coasiunicetivn from shore 
to sea under even moderate sea conditions has not been easy* 
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teferences i la tod in the dibiiograpty 
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0* lurpoet of inveetii-otion 



ii ia tlko purpose of Uila report to mxmisiti tonm of t/>. pxwaent 
off-Hihom driiXlrw und prw<lucti^xi pr«^eaie in order to oeterao-ne tu« ap- 
plicability of certain diving technlquno to ttieir soluti^* ho *ttaapt 
has boon nsdm to present a detoixeU analysis of» or a cj»pi«t« aoiuti >n to 
the problene dlacovered* ^ aeenonleax deaifna tre presented. Instead, t he 
paper ebows Uie nature of certain difficulties unc Indiootes tne extent to 
which current diving technic^uee Etay contribute to tneir exlRination. 



explore end drill the o onttental snclves. Uoete xvave been hich* I’roduotlon 
has been diffioult. It has been eatlGs^ited tnat tlicre ha:) been little more 



tion of tlw>Ae costs was, is, axxl will be the problem of off^snoro exploita- 
tion to be solved not the utilisation of tested oil field 

science snd meuhods, but also thr>.ui h the utilisatl. n of the seafariOi. skills 
end profeesi.ne wnich in the earlier days, left a flavor of the ea in the 



•’etroleum explore UL m {>artics and drlixirit crews iiava down to 
tile sea in a variety of craft; some converted, some in orucr to 
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the diver may contain "know-how*' useful in thie off-ciiure ventiarc* 
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Mtat«s.ent oJt ruo«dur« 



Thu proc «»0 o£ n»a nad neautoux’lAy Imo auvcn 

ttaj/ t» statodi^^ 

\k) Uta •x<Ml.n*ti>n current off -shore cirlialnt protucM} end 

ib) the «ppiioabl 4 .ity of cllvinc techrdquee to toe eoiuti n o£ the«e 
parooiens* 

Titte procedure followed <iurln« ttve exeuutior. of each pnuse ot Ui« InveetlgetLon 
then fell into logical eeqiMace; 

Phase 1 

(a) exaninatiun of current off-chore tirliling and production 

Rothods^ 

(b) identification of unique, off-slioro dril^iiie and production 
problem; 

(c) identification of current a;;plieatlo.')a of di.ving tectmiques to 
the oolutic/n of off-eaorc problem; 

II 

(a) exaRlnatlon of current diving tecnnlquea and deveiopeMmt; 

(b) analysis of the potential exteneiun of ttiese teohniquMNs and 
deveiopAcnts to contribute to the solution of additional off-ehoro problem. 

Pursuant to tbie purt>o 0 e. It beeme apparent that, the practicality 
of any potential contributlMt» must be weighed In term of the eatinated 
costs for dnvaxopmnt, procarcaent arid operation of ary new or nodlfied 
equlpnent against any edvantaj^^es, iKxedlate or future. furUicr, the costs 
should be balanced against the ale«ent« of riok fron weaUter and Xrom the 
nature of the operation, ahlie tiveso cuntrolUnn factors arw, in no»t cases, 
not ausceptlble to any exact evaluation, cot poritone itre possible, ••artinal 
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feat4ir*a nay bo indicated* 



Th« najjrity of tome used wilx bo faoiliiar boc&uoe oonventlon*Ok 
bao boon uaod. li-^wovcrj, in i^pondlx 1, thc.ro la a ItotLne of 
tsraui and dafliiltlothi* Thla thould provldo ready rofai*oncti and preciudo 
any nLaundarstandlnc of Uie tominoloijy* 
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XI* wUil'C.NT u7F<b ttv> u 1' I aN ' tJLvi^TXvyN hivlii -*- 

A* -rLHUtii hm JiodB 

Current off-shoro drllXlne seUkKis »v derided Into tMo olaseeo 
ky the manner in which the vcrriok is ttujjportvd above the<k*ULL*n£ location* 

In aariy off«elx>r« daTaXopnenty the darriuk was arccUKl on a fixwd, iBwobila 
plaifora, 0upix>rtad by pllinaa above titie wave xwvel* oarrent^yy Ui« Mthod 
le atili in use but ie flv..n* way to iiie noblxo bar^e which not >m.y eup- 
porta the derrick but tr^^naporta tha drllXinf; rig jCrem one Xoeation to the 
next* Iherefore^ theae claaeifloationa of off^kovu driilin.. laatnoda My 
be atated as foXlowat 

(a) fixed pxatfom) 

(b) nobile baree* 

1* fixed ^Xatfom Method 

Initially, fixed platforM were uv.nstructed to euppart the entire 
drlllinf; ita acceeboeiee, wd th» drilllr»g urewo* quortr/ra* ^ne auoh 

piatfcm ajone cost the d^ai^xe uu Coit,pa^ approxinately one and cne najif 
KiXXl n doxlars* For turn taly, oil was found* <^ev«n walla were drilled and 
produced from this piatfom*^ 

It wao apparent that thia high uvat of a fo.aidatl^n piatfom wee 
axuetslve for wiidunt drilliag:* 

A atraight forward ra’iuction of coete wee apperent/) if the aiae of 

V 

the platform couxd be reduced without aaoriflciniT the iw^ability of drillin;^ 
and produclnf^ aeveral walla fr..m the aingxo pxatfom* Kwrther exMimition 
showed that a&lvabiilty of platform atruriture w^>uld r<d'uce ooste by pemlt- 
ting rat3c of natcrlaa* In addltiun, ipiportant initial 8<rvimt8 in time and 
material oo'JLd be mad#f if major wei|:ht and load distribution chances could be 
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held wlUiin Mtaii ilnlta* 

Hur« noa«rm flxttd pXabfurms uorbine t4>ft0o ideas, converted, ov«rB> 
■Mint surpXu^^i. To aiid otner craTt are used «u» tsndens. Io•^c snips carry 

Cy 

and psuer Lna nain «ud olrya^UiVi pusips, Ui« nuii aixing and co^sLiti^ning 
squlpMsnt, and tno »ain nud tanks. ssirvw as flt>atin« utorshousos for 

pips, nud, water and squipsiant. ^'inaiXy, vhay provide c.>nfortabxu bartning 
and nessing aoceswodatians for U\m drlxxing cz*ews. ’^ne Riatiplc well dsr* 
rick, an Inmvatiun of tne imo d. Muore inhering Gempany, hae a utovabis 
oruwn block and multiple power take-offs for Uis roUiry table. Xnis enables 
five w'sxls to ba drilled without shifting the <Jerrlck. in terns of piatfona 
design snd oonstructlon this derrick has }.H»raiit«d the nunber of pixlnt:s 
per five-well platforKS to be reduced froM U)lrty-two to ei(hteeiu^ * 

Exact cost flfhirea for this type at pl&tform are not avu5.iable but 
eetimatea run betweon two and three hundred tixouauniX dollars Tnls is 
•till a considerable eust* 

^t stk)uld be noted that tills pxaU'orts cost rt'ductlon nas tiot b«sn 
realised wlihwUt sons diaadvantafes. These arci (a) nud pumps and circu- 
lating mud nhy be separated from Uio well during a heavy storm; (b) heavy 
duty moorlrigs are r qulred for Ui« tender; (c) stund-by tugs are rcK^uired 
for the tender during severe atom cordltlons or a certificated crew must 
be maintained on board toe tender and (d) rather complex devices are required 
to permit movement of ni«n and stores fro» tho tender to Uie platform. In 
all fairness, it must also be stated that Utese devices permit Vlie movement 
of men snd stores under conditiv.ns of son and weather which w^uid preclude 
a similar movement from a small craft to the pxatforK."^® 

2« Kobile barge 

Rhon the costs of Uxe fixed platform meiiKid of off-snors drilling 
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vmv ap^rcclateU, tha advanta»-«>8 of a aoblx*, 8a^f-o^».Ualii*d drliXin^ craft 
Mara a ',>araiit. Thaaa c.<‘.vanta( oa briefly daez^artaa ciaM w ablft iooa« 

tion; aili Inatiwa of drllxicc pl^tfom coctiB;) ujiiaination of riaks attandfiiit 

} 

upon tearing heavy driixlnj. ttacti;..nary froa a jJ.£t;tar to the tirxXxlnti pxatfor*j 
and the convanianoa of a ca pact, uxd.tlsad drliiir^ rlg*'^ 

The barbae iw>w 1;. uea »ay be eubUiviuad into Uiraa ratnar diatinct 
t^pea vhlon arat 

(a) csDVontivnd ahip or dryd^ck vtilch la lialtad in dapth by ita 
affMtlaa freeboard, uauaxly to twenty feet of water or Xaaa in protaotud araaa* 
Landir^ pontuona nay ba usad to accoaoda^ alopin^ bottona and pravlda a 

lavaX seat for the bar(<:o proper* wuaccptibiiity to atom dacage aijnoat pro- 
oludca tha uso of auah aqui|aM»nt in open araa*^^*'^^ 

(b) fixad-Xat!, aubt*^eralbXe barge uhioh oarriea the driXXin^v 

a pXatfom eonneotad to tha bar^^a proper by ateeX Xega* it nay or nay not 
bave nachlnery oonpartaenta and otoroga tanks within tha aubaeraibXe bar|.e 
huIX* Its depth iitclt&tl .na ora dotemlned by tiia Xenr;th of tiiS Xaga. i ra- 
aent daslgni are lirdted to about fifty feet of vatar or Xaaa* txtamaX 
pontoons n outrlg^ero, or apeolaX baXxasting arrangananta nay be provided 
to acccsodate a sloping bottem and to i:^ure naintenfx.ce of vertical through- 
out Um 9 drlXXln;, operatlon*'^'^^*^^ 

(c) ilovabXo or adjustable leg bar^^ca whlcdi beaoae drixi ti( piatfcnne 
u;>on reaching Xoaatlwn by extending piiee into, or pontoon based colvaons to 
the bottOK wA Uicn jacklnj; up the nlle or colusn to o aafe diatanue above 
the water level. Kor gulf areca, Uviu level la wm act at about forty feat 
above mean gulf level. Current desi^'yie are limited to approximately one 
ftundeed foet of water or 

It should be noted once Uvea* barges are drilling on location 
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Ui«y AT* oiTf*:tivaXy pi<*-tJrorm£« the cfei^ee of tyi>«a Vo) And 

live pontw«n beaed, adjustable l«i bari,«, Umro la a po*psibij.ity of ixJBine 

>ut of til* hole «vl MuTln^ the bare* to a aneiteroci J.o*.atl a in tae acveat 

of severe wcattisr with acicqaate wemint • '^ost flrures for the various mo- 

bile barges are not readily avaiiabd.e« liowtivcir. It is kncioi that the dchord* 

B n and daea d}*llAln* barge, ***11* nd a fixed leg beri'e, cost one and 

20 

one-half miill><n doxj>ars without equipAteni* A recent estln to for a 
atnilar barge equipped and with aiu auxiliary veasexs was two ailxls.n two 
htstdred aeventy-fivo thousand dexxars*^^ The ocean «rlx^in/; and xpioratlon 
OonpsRy*a fixed leg barge with pontoon rtabiiiaers for drilULne in water to 
a depth of forty feet will cost in exceea of ttiree nilli-n two huodreo thou- 
sand dollars 



5 ? 



ii* r*3<lujtiv;n hothods 

uurr«nt product! m nct)Mdii closely aruliel Umss MsUiOdo used in 
drilling with the exaepti n tdat piatfoms for well ac«^ controls need not 
bs M Isrgs or oubsUntisl as drillinp pxntfonui. effort is aeda to 

centrellse surface equl^atent in order ttkat it may so 'vo « Baxlntia nutber of 
wells* 

^nwict^ equipwent Miy d« inotajlcd e conventional piling 8u;q>orted 
platfora or it nay be totally or partiaoly Installed on a aubiaeroible b&rge.^^ 
XlM subnemlble barFro productl-n piatfom la sinllar to Uhi fixed 
leg, Roblle, drilling barge except Ui&t it does nut require a coaplex bailee « 
ting or pontoon syetm* 

kvery effort la being aado to eliminate monuiiliy operated controls 
at the Individual wollo and to si^titute controls at the production platform 
or production plutform oontrolxed remote ooeretlut gear* 

Any extensive naUttencnce requires tiie use of speeiaixy equipped 
workover bargo,^^ Intorruptlona of %rork by weatner c.;inditiom arc nob in- 
freqxMmt and are extreouily ex{3enalve* 

Any gas In excesa of production requlronente ia generally flared unlees 
the field is so fortunately situated «s to pemit a pipellme to a shore ee» 
thering eysteet to be eoononlcally feasible* 
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^9 xr* •ortati n l‘o 

Tivj wtp«l^n» ie tija pra^martd. i**tiiocL of vI.<h ^11 I’r^K tU« 

riAld to alioro •yateau. TL>a of UM»e ufr^wtun. »niar«i«Wr pxpo^l.i#a 

are thrc>« ti&M txa cost uf etjai^er latvj ftc Uus^t 

**1 O^fc 

baryoe, both telf or nou-anif ro, xu_a<l, tre uaod oa.tuisiWtti.y**'^* 

noaitier interruptions are a bi^' Tactor in bari>c everabivns. Ot*acial 
feridar ptlii^.s and noorin(s aro rcc|uirod at the tank bcttcxiati, Uiis 
Wnatli4i of tl»e ir.tcrroi»t«6 foctnm of waatiicr, ifK>criaf taxi'd rcewit, allowati 
product! Tig and barcn &lto ha* rev e:. ted the uxtici^xateu ec. nxeled of Larae 
trannportatl'O from being roaJLta»d* 
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III, tJ 

A, wonMon rii-k-n, axu *roUucti n t'rohlmm 
wont lo Ui« *«Jjr esjuB-ir off-crvjre probl» k«»v airoa<;y be«u 

pin~po :nt«d, tiuw«v«r, it ia uodarawjd Uiat Cw«t it» tV r^au^t of aApenaiva 
a^^utljns to . lo baalc .ncarin, ;>r^bj.eic8 involveo* i.«oa oi^nviva 
pictiiode err tut aeveioped, present costs cuuid rwttrict the sj^ioitutlon of 
off-ah >ro arc'-o to a fractiwn of the ouitienUU . caelf crea« 

Aruthcr great imp^.«c«rabiLe in the off-eiuro vonture is seeUier. it 
is freely exxi frequently granted taat little or nuthlt^g con be done to con* 
trol tho w«atn>r directly* U>i«over^ special uuif forecaett predict its 
effect on operatiwns in ti»e to avoid some atom dia<cige* urate statistic 
c&l t ata are >d>ao compiled in order to bulxU equ pment to Merit in 6,.ite of 
the weatiior* 'Xhes«? foreoaste are eijihty-fivo to ninety-five percent accurate 
for twenty-four hc-r foracaeto and eeventy-five to et*hty-five percent accu- 
rate for periods uj> to forly-eii ht taours*^^ 

i--{jeolflcnily, «avo «»nd effectivo prosaure aro tne teo resuxts 

or aepeots of weatiier vhich c-ntTvl off-shore deoign ano o.-eration# Kor 
eaample^ uoif of i'aixico experience Gh<^s tnat cr«M boats o^n eaxy be safely 
sad efficiently han>iled aionfelde a piatfom Mtien wave h«>i;hte arc tar»e 
feet or lees or uion. sice a tender whor. heithte ore four feet or lees* 20 al. 
eiemcsits of the pliinr, end piling brociitg muat be cepa^xe of Mlthstandine 
atom wave aotl .n* available figures for a wove of thirty feet in <K)ight 
above the ordinary ^tigh tide off ttie 7exao west show the aaxisiun dynunic 
prescum at ttus top of the wave tc bo seven hundred end thirty pounds per 
square inch*2^ After exficnuive experiexsce durin. ti«o October^ iSit? nurriCGU» 



resign criteria were revised to the following^ 
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wizKl vvXacltlM, uno hundred twesV-flv* ^er tiour} 

BAxiann u«vo forty fMt; 
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storm tldsy t«n fast soove normsi hith tLde« 

Even ttwee flfures r«tiuir« tns sosvpUtnes af Uia risk Umt storms ot hnt 
duratlcn^ eapabls of destroylnK strueturs, nsy occur onos awry forty 
or fifty yasrs* 

M\y lapruvamants In tks prassnt foracsetinc; or daaicB oats em only 
ka BSda aftar a c-^naidarabla periwd of tlma and r<i 0 a*a*ch« 

Current aqulpsMnt in opcratl<.n or under construoti.^n is lij»ltad to 
water daptteof lass tdan one tiuadrttA faat*^ ibwevor, Uters la rsasun to 

32 

baXlsTs that oil tdXl ba f^unci in eedinants out to six bundrud faat af water. 
Constant attantli4t and daeign study is b«ln£ davotad to the prcblan of alim* 
inatlne this depth limitatljn of praaent aquipmant in order to permit ax« 
plaitatiuR te the one hundred f&thom (six bumired foot) curve* 

Mobility is ftnother deeirabla oiiaroctaris tio af off«anora aquipnant* 
Hobila aquipswnt uill be largely salvi^ie «nd capable of reuse, end viU ra« 
ckica costs incident to movins from one location to the next* In oertaln lo- 
cations, equipment Biy be uaed loieh is susceptible to storm dsmaea on loca.* 
ti(^n but which may be moved to a sheltered location at the onset of dantorous 
weather* A survey of eighteen oil coMpanisa and ten deaieners or oonstruotors 
of o “f-ehar« oquipatant^^ shoved the followinc desired charaetarictieo ubieh 
affect Koblllty» 

(a) shallow water ur*i^ 

uperatioe depths - ten ti> forty feet) 

capable of sbiftinf. locations in one deyj 

capable of being towed at three miles per hour ajuinat four 

foot waves; 
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(b) d*ep water unit 

operating naptha • fifteen to one hundred feat) 

OBpabla of ahiftlng louati'^na in tt^«a cla^#} 

capa b le of be.vr^ towed at five nllea per nour aga^nat flee 

foot wavaa* 

Produotion and drli^n^ pi^ti'om dec!/ na iusve tiia coeyaan requircHenta 
of adequate atre»i>tk to parfom Utelr runctlijn in adverse ueataar, naxiaun 
aaeability^ eaee of erection, and xow initial coata* ujb^xm drill- 

ing barem mttsf be the beat •.itsuer to t.uj (.rllilnt. »^haee of u:>a proUxea, pxat- 
fom daelgn requirenanta noat be net in production* JurrcRut 
expresaad by Dale ¥, uaippar, in ao rol^owe. **lt wao bi'ou^^it .ut Umt there 
are two wj^a in which off-oiioro atiMcturea a&y ba altore^ to w' Uvstand tha 
dakaginf affect of hurricane wavecii 

(a) 8tren«’>i&a Um atractora or reduce its wave x»isi*taaic(!) 

(d) raiaa the pcatfom above the a^cm of w<.vc reci^tance*" 

It Khovad be acted thuv Uiia roa^hi olll r^se Itiitlal coetc, if nothing 
cl»e* 

Sup,)ort of Uiu (irixli.xu the product! n uperatl n la another e>;- 
penaive and perple%.ing phaae ol the uirole problen beca^isa wq are again face 
to face with 1.7.piacable aev^artar?, tnc weather* decently, helicopters 
have been brott .«t into wee for wna tr£CU»poriail.n of nen and light Kateriaic 
bat the Rovwient of heavy e^ioi, font tnd tha eraotlun i.f cif-shore atrueture 
still wait upon the whiss of the elements* wave .i«i<.ut8 ef . raster taan 
Bix feet stop piatfom building * Xcie driving of o notictor pipe ia stopped 
b> -uvea ,reat«r than four leet*^*^ The initial off-sit.ro test off hue tang 
lalamd by the. dvof dii Jospeny was deleted for ebou* ninety days with aquip- 
nent dwarrofc astlaattsd at t of four thousand XIve ncadrad dollars per 
day*^^ 



t^jXutlon or uftcoro or of U>» itiv>r»a *£ HAt> r pro^vrty 

is * prDbu.*R in Um nentMj. Jtustisr^u.'vl of j«v p«rr<on conr.*ci.«cl m^Ui off* 

Bhor« oil. Foriuf\>it«iy, (ooo < re^sor* control ie ttm oonB^iuonoe* 

of cMUAltyf »uo^ «s tt uc^x "blooii;^ woui«i b« oxtr^^xy «c^>ensiv« 

t^ot UiTuy in t«r>q« of e^uitieent but Aoro iio« in tens* of prop»rtgr 

end iawyer'a foeo*'^ 
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Oper«U.’^i<vL ^rliXliig 

Die problm>» IncldiMt to tlM «ciu«^ drlilln« ttw not any 

gnatrr than those encountered in tho c.uif Tldeionde* ^owewhet eXaLorute 
precautt na are teWen tx> cotttrii hl^h preeaure fxuida. ht eo derate deptha 
tiiroe bdowout preventers uivr eepAjoyed* An addltlv^cjL preventer is added 
tor dttep drilling. One operator Is reported to have five preventers in use. 
Mod Quaaity control Is esset^ticl. Aspie supplies ot atake-up material are 
carried.^ In additivn^ it is isq;iortant in off -shore drilling to insure 
t^ist the eor.duotor pipe is enuugli to preclude undemining any portion 
of the foundation« be it a pltlnt' or a sucMtersible barge. 

any operator^ requiring oontinuoun eei*vice fron a urilling tenOer, 
inKediately finds Uiat the neorinf plan for the tender requires close inspec- 
tion. in even no(ierate seas, surging of the tender afeimt the cLrllliag 
plstfona can be deatruotivo. isscntialiy, the bow or stem of the tenier 
nuat be fixed in position^ rcf rdlesc of possiblo wind mad tide oonblnation. 
7hSs requires that any vwioring peer hold without dragging or failure. i3ur- 
Inf severe otom conditions the tender eust be rosoved to aimXtsv or allowed 
to swing clear of the drilling platfom to a poeitlon where a long aieope of 
chain nay be usod and sea roots Is available, ^isdlsrly^ Uie platfora Kust 
have memrifitay power for anui puaips, and a wud supply or allow Uste to oo»ie 
out of the hole and button down wiUt eaeii warning of danferoue weather. 
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ProtluotA -n 

Tioductiun ahdTM tbn pr^biw of pxatfom Caaltm «lih drilling* in 
udditioR, It Um a probiam In KAintan«ne« b*»o«aAa proauuti-n {UAtfums at* 
in vmm for a Xoxjg pariod of ^iliaiiarlyf weAthar la Os/t ovilLy lui elasaiit 

of daotructlwn but Ali>o Uie drtwback to trmeportAtioti. ^aaa with wavaa ^raatar 
than four faat Make aecaat to Uta plaifonM ti«nseroua and prwolucsa tba oafa 
o;>Rduct of loadlnc tron pXatfora to a bar^a or carfo lucfer* Inera- 
foro^ pipailna tra:)Bportati~a of oruda to aaora lo ’erre^wuera it la 
practicabla* 

However^ Uta iwd.ntwtanca of tbeae pipe^lnae is a protuen witic^i can 
bo ooapouadad by a lodatl^n maote from ijorts and by woaUtar* i’or ex/«tpia, 
thara are ninataan alXaa of aobaargad pipalino baUraon tWllevar flaid wtd 
tiba baaob. fiepAir aqitipej^flnt aoot troYaX approxiiiiatoly »no btuiurad «td flft^ 
nllaSf whtm naadad. .'^«lr equlpaant rantals run fnnt ona to Uireo and ona 
half thousand doXlara par day of Uto total. A braokdown of rapair biiXs 
Btiam nlmty parcent of ths totoX for travel and stand*by tiNa, aad tan par^ 
c«it fbr actual woxk#^ 

OBlc produotion trm c<ff«s]v>ra fialde is still lut cOv.D£«dc«xly s ound 
in iKost cases* Only four of taelva off-enore gas fields ora producing* Vda 
rattslndar ara thut-in*^ 
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IV, iiJUMATf vf uU,.uNT '.171,40 T-.m.WUJ-' 

A, . uIsMurlno hedioliv« 

Atjy a. roclatiuD of eurn»nt diving Appiio&ti>-ns iknd tochniquea auct 
bo aotfcMpenioci by a rudiJMmtary kmwJLadgo of tiia erfaut ;.n tuui, wnon ho 
broathos vurii.uo gaa alxturea luider oaani.ini; proeaure c ‘>ucix krvow- 

lod*o by iK> Etebna oabroces th« ^tiro field of axanbarinc eodlci'ui bet la in* 
eluded thorein, ^e foUowin. dlacusalun la not uonpieto, «t ie intervied 
to pinpoint thoao liKitati>^ns of nan which alaa linit Uio period he can work 
underwater, 

1, bends or Caiaaon wlaeaae^^ 

For purposes of this diacueai./n &ir wllx be uur:«idered a two gaa 
alxtvure of oxyrm Md nitr^icn. At atisusp^ieric preasure eaoh ^Mraon aaa dla* 
aolvad wiUxin hla blood strean ami within his buck's ti<»cue a quat;tity of 
the Inert gas} In this oasa, nitrogen. If the air pressure of the Iriiaied 
air is inoreased, ao It is as a nan divas or enters a oalaaoA, a (;,reat«r 
quantity of nitrofen or inert gas is taken into solution by the blood and 
tissues, if t^to yreeeure uf tiie inhaled air ia ‘ocraased^ a quantity of ni- 
trogen will be slowly ellniiiated froxs the blood and tic sues into th? expired 
breath via the lun^s* ^ 1 <ki,s ae this ellaination proooas la cvaduulf r.o 
adverse effects occur, dowever^ if the daoreasa in preaaurc ia rapid, the 
inert gao will ie&va eolation and fom bubbles befoz'e it is irwus,.orted by 
tho bleul atrean to the lungs, 7hec« bubbles press upon the narveo and pro- 
duce a syK|)toiB which varies fross a alight itoiiing to aevereyain; i^ntrally 
noticed near the Joints, Thia la known as caisson disease, or ber.da. In 
eevare cases these bubbles c«ui oat^o permanent injury to the nervous ayaten. 

It should be noted that trve quantity of nitrogen taken into solutiou 
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vari«« with tha ,jr«oauro of intiaXod air and with tha dur«tiv>n of ax|»aure 
to tiiat prasBure. Tharaf jra, a racord of Uia pr«.a8ura Baa Uxa tLaa of *x- 
puaura la nacasaary in ordar u> datamina ttia tina r«^t of praeBurt daureaaa 
which will allow thio nitroftan or inert paw to ha safeiy ciaarad fcxwi tha 
bo(}y» 

la Blao loi'ieal erw corraot to aaBWRa that, if tMoUwr inart gaa, 
Buch a« heliuR, wore BiiunUtutod far rl.trogan, a different, sofa, pomiasibla 
rata of prasaure dacx'eoaa will aovam« ^harafora, it followB that "benda* 
la not oausad by nitrogen alena uut wilx bo caxiaad by any inert gaa* 

Melium la tha inert ooMRoniy used in artificial breathing aixturBa. 
Qanarai^, it nay be etj-ted that haliun will diffusa U.rou, h Uia bload 
atram nora ra^jldly but will nwt enter ttxe body ilaaueci aa rapidly or raadily 
aa will nitroi'ien* thai-efora, haliun-oxyfcn eJbeturea will allow a greater rata 
of praesure decreOBa thaii will eoapraaaed air* It ahuuld be noted that haiiiaa 
oxygen nixturas do not provldo any inaur&nca againet "baitda* but on the uon- 
trary^ they are n«ro eensitlvo to ttie rate of preaeura daureaaa* This pro- 
perty of heiim, which allows a ^.uldcar pui^'lng of gas fron the blood strean 
and body via the Imra, is only ona of ttie advantagea g«dned by ita uae. 

racticai^y, tabiea^ are uvallaola for conproBaad air and for vwriot>a 
halion-oxyean nlxturea which ehow or, in the case of haliun-^xygen, peziRit 
the cen utatlun of tha tine to bo spent at aaiactad lower orcaBurea (daoon- 
praa»i;ji tine) whan the i raateet pi'essure (dapth of aivaj and the interval 
In Minutes between the tiao of lauvin,: thn surface to the tine of leaving 
the bottom (time on botton) sre known* This table for cotpresaed air howa 
that a diva to one hundred feet and a tina on bottors cf aighiy-flva nitiutes 
ratiuiree approxi»att.ly oi%ty-ona Minutes of dacNaRjiresslon tlR>o» A divo to 
two hundred and fifty feat o« air ajid a tine on bottyw of twenty-five Minutes 
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requires a rctalon tis.* of a, pruxi^ atci> Wo .lo^zv uilrljr alnutea* 

finally it should be on arsU^xi Ut oeoo^^reesl n t40X»s are 

t.« rsault of practical ac^srlxar.ts, urir4. n'jmb rc of uai 4.**coaLj.tl^:M(d man 
M subjects. Ttm dec«» pras^ n schedules, ev*n i^nsu r^iiri^'wxy fojj.oMod, 
vlll protect only ninety percent of the jMin after noavy, w->rkLiv dives. 

2. Kartotlc Iff set of ISitro'«n^5»^^^ 

ahr<n the bo<V is axpo«>ed to ^.resavures of four atsusrqwres iabsolutej 
or hlslktr^ tne nltxoi^en rvsr .t In Um» ii.epircd air induce- a narootlc ef- 
fect Mhicli RS|r be CO pared to ulcohulle intexicati> n. >ofortunatej.y, the 
responses of the individual are slBia.Rr to those of a -vrsor. not receiving 
a sufficient ennunt of oxy^«n. The variation brt><uen iniivldua.i^, wuen ex- 
posed to nitrogen narcoclo^ is wlde.^? In 19i5» inoi.iient to the s«u.vai^e of 
tile <Jt3 F-li off tionpAUlu, divers worked at a deptn of tnree hundred four 
feot (itpproxiiMitely nine and a quarter atmoephrsres^ Solute). 

hellwa, however, does nut produce thiu narcotic effect. Uce of 

(D 

heliun-oxye^ wlxtureo perait diving to deptho of five horulredh"fift.y feet \ 
without ailvoree effecte.^®*^^ 

3. Anoxia and Oxygen Potsa.ninf'^®#^^ 

/uiuxie, the laok of m adc.^uate supply of ox/' en, h«e been nentloaed 
prcvioitsly. It produces eyattoew sl.’.ilar to nitrogen narc-eis* therefore, 
at depths below one iiundred fifty feet only the experienced, coapreaeed air 
Worker or diver will be able to di»tin> ui«n anoxia frt*i norojela. it »sy 
be cuncluded that the worker or divor is dependent u;xm hla -iuipxent and 
his tender, if any, for sn sciequate »upj .>y of 

when cn Individual breathes pure oxygen under praaaur s greater than 
one ttkttospiiero, absolute, ho nay, after a tine, experience syieptoae witlcli 
vary fro» maibnesc or dlaalnees to a Cvi«iViu.slv« ryeicure. Xaesc ejRptoas of 
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oxygen polxonim hirrc on lm»«Ui.ar uitu uccur«ac« «vcn tor u 

eLngi.« ptrscn* Not very Huob definiU) iijromtilii>n la av ixUiia uoi««miri(; 
tae nr««vna for, or t;ie secAaniaei u£, ttiia {XtxSunikn^. cr* *<• i.aa0erU«n, 
kOh^i of {’{iarwacoXoiiy, ot«lnrrsit> of f^ennayivanlai ta« • ^-avAo. iWdicadL 
fiasaaroh onit, tieUiaaca, aryxanci anj INo U. w, tuvai. to^eri^antajL living 
xnatitutc, •'asliin<t;ton, w, are nvw uwriductinj. or iiave co:tdu<vt«d ijiveatio 
(.atio: a Into various phases of the probiasi* xt la kN^an that ap^renanaion, 
hard aox^ or oarbun^oxita concexitraliwna in t^ie inapired gas loixturo will 
aocexerata ocoura^^ of poi&c/nuv eynptooa* ^h«ra is reasi..naoi.a aaauranoa 
fruet diving records that Wiora is no cangar wf uxyi,tin puisi^nin* wnan breat<tln£ 
aoKpraaaed air, ai.Uiobj,.h ayapt^as Kay have bean iea.,kad or n«.t reported* Uxyger; 
poiaoainc; awy occur waen oreaihii;^ ooetpi'ceead gas ntxturaa wjiiicai aru ricJtar 
in oxygon Khan air* In uaiot iittiivai-oxyh^en niatui'ea lor oeap diving, the 
partial , roa-^urt? of oxygan ia always nalntonad oeiow 2*3 ataosp<i«raa, obaoo 
luta* this arbitaaxy niLe iMis uaen auccesnfiu in praotiea* 

ii'xvft tho foroguing, it «ay ba Cvnoxuded that the usofax tijr.a on the 
bottott for any dive will deptnid u^^on the in^rt gas pruwent «co the partial 
praasara of tttat Inert gaa when on the bottom* ^he partial pressure of the 
ixMirt gas nay not be Icwet'ed indieorlninaieiy by use of oxygen ricix nixKirea 
Without danger of oxy^mi poxOonxnt*''* 
tu oarbon xioxiae roiaonlng* 

On the suri'aoe, a three percent concentration of oarocn oioxide ia 
approximately the naxlnun which oMi be kiXerated wittvaut cistreea, aeconpacied 
by heavy braathln;> Anc neadaclw* iov this raas.n anc« to avoid the acceiera- 
Uni? effect Umt carbon dioxide ccfhentratiuas have on coygen poisoning, it 
is Inportani that the partial pressure of «ny carbon dioxide in the inspired 
giut aixture be ^wss thsn forty*four nundretris of a p^unu {>er t>iu«r« inch 
(0*Uli pal oqulvaicnt to the partiao. ,.r«Sbure at surface of 5% '^ 2 ^* 
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lA cotu^u*! r.f it taui uiaw tti«> busC.gilj. jI kmi's 

r«>sj>wxi3» to varici* fas Kixtu.-««, U*oy ur*- at a t^^tar taan 

unn atp« «jhani>, is bai'oji^ au-Ilciant to ^amlt tuu currant io. to of olvix^* 
Vuara i» no «viatti«ca to cki-i»i^tri>Ui »;•« alToct un »an^ if oUiMr 4 aaac, sucn 
aa Uio«e aa.suoia4«d witn e rui^a %,xlp *ar« iijiaxacl uiclcr c«r»aaur«« ourrani 
i^aarcb In thio fiald najr auMunca our URuurstanuiut of ^Isonlfit 

ana benda but it la doubtcid tiAt any iac.«tiiaiu» r«;aui.ta will tmaU.> incruaaa 
tna tUM> cn tha bottom at uaouia ireat r than Utraa lirniiarad Xa«t« 
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li» Ikw* Livinc^^ 

/«• ttitt n&ai« a hos* dlvar is cour4ect«d to a surface areata* 

Ing gas supply by neans of a hoso* tbs diver nay wear a enai.xow water del* 
net, a face nask, a light weight diving dress, or the (»nv«nti)nal, coapietc 
diving dress depmding up^n the tanperature of the water, the depth, and ths 
nature of the uoxk to be asoonpilshsd* in cold water, for dssp dives, or 
for heavy work around obatrtu^tl^ns, an <4>propriato diving d?t.teS will bs used 
for prot^tion* For working dives to dspths greater than onu aundred fifty 
to two hundred foot, vdiors the advantugss of U<o iwj.i\ofoz^^<6n nlxturea are 
•f^reoishlo, a ooKtpiete diving dross with a special i^Mtinet oust be worn* ut 
will suffioe for the purpose of this investigation to stats that tlw helaet 
for use of heliwn-oxyt en mixtures has an attached carbon dioxide absorbing 
ounistcr to Insure a low concentration of carbon dioxide in the inspired air 
and to eocnomise on gas usa^s* 

in additive to the depUi and tjoHo on bottor. ii»itatior.s, which nave 
been discussed, the diver's ability to work will bu liavited byi currents, 
water tsnperaturee, ana Uis turbidity of the water at his working depth* 
Curronta above a velocity of one knot are a real problem to the divar* For 
dsep dl^es svsn this velocity, if consistent in direction, could make diving, 
operations impossible* uoid water ainditi >ns may be corrected b,> use of 
the diving drsae! and neuted underwear, except when the work res^uires a high 
degree of finder dexteztLty* *n a few areas, iilfii water have 

been a prc'oler. which was ouoeessfulxy met by endurance and a stiortened woiic* 
ing period* Turbid conditluns at the working, depth limit the vision of ths 
diver, even wnen ariifioso. lifhtint Is ussd* iL^evor, if the itature of 
work and ths water tess;. eraturcs permit, the diver osn work by sense of tuuch 
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aXont* It should b« n~>t«d tuut a uivar, walking on * *uAdy boitun, will 
creat« «much Mis turbans* to iaip*d* ais vl»i.n« 

In Ottfisliwlon, it 1* etat*d that uxthourh th« aoec diver aaa an 
advantac* ot lncr«aa*d tine on tho kotton^ h* i* alao reatrloted current 
oonditLun* and bjr any dlaturbancs* h* eagr cr«at* on th* bottoiu 



ill 




V* /ra« i^lving 



7ti«r< be«n c one atiicniion K^van to tniii ty^m 9t diving 
In e»urrent litvraiio'v and uem agAln, ab tdu zvann fr«« 

diving is diving without Uwitneccion to IhM surfucw or dependenow i^xm 
«lr hoBC* uatuTAU^, divin* in thin nanDur n«« atvrActi^.n for Ute und«r» 
wA'l«r ait:ht^«ar lutd Cho n;weir fiahttmitn* 

JCrmm divwr la aubjaot to tuj. of tho Kwdiuzu xiO)it«tlous of tne 
hos« diver and, in addition^ Is i.iaitod b/ thu voIjms and presauro of his 
brwsthlng gas Bixtum and ay aia rate of oo.vauBption of th&t soo.ly. it may 
be added that, wixm work is rexated to breathing gas oosieuaptiMj), tests per* 
fonsed at tiie ixperlmmtai oivlng OaXt aid sxsmfnere, have dsKivdstratctd that 
swlMning is file hardest work nan perfoms underwater* 

Traiziing In the use of free diving equipment lo oeceptlvexy easy* 

As a |;roup of Meet ^ast divers nave stated, ”ln five minuteti a bm:\ can ieam 
enuug)i to be able to kill Uir^eJLf*"^ An outline of a training schedule for 
the use of free diving equipewnt Is cuntained in Kationai ^^adamy of woienoes 
<*ublieabiwn, 27U, entitled *'<ju using ^H»if-cuntainBd Underwater breathing 
«pparatuu*’*^^ 

Ihe pructioal advantages and liadtatiuns of tho free diving technique 
egret tits ability toq>urate in higher eurrtmt velocities than a iioac diver 
wiMn searching md wnen doini^ lignt work; the equipateut is lees expensive} 
the eqoiraMnt is Acre Mobile} tue free diver cauees xess bottoai disturbance} 
free diver reciuires le«» surface support} and the free diver oa.po.oy 
underwater vetiiuies* 

In conolosi..^, it nuy ee stated that free diving is coaipaementaxy to 
hose diving within the depth iL>.itatio;«s of Lao free diving e<iuipBeut used* 
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D« Tti« C^aisoon U«ll 

1h« oaisaun and U»« divine; buXj. «r« rwoiXl&r aqul^jMiit to uiitlor- 
wator conatruciom. Tm/ boiit utiilaa a aXoa«d, undarwater eh<«ib«r i*roa 
which th« watar la axciudacl by air praaauro in otxiar to paxaslt nan ta work 
on tha botton within the chanber* ^he caioson io a cylindrical utructura 
axtondine; to the curfaca ao that aoceaa to the praaaura chwber xay ba af* 
faetad by an air lock. la tha uaiaal eM^^loyiBent of the diviiifj balx^ the mo 
within tlia open bottoAed chAaiber or ball are lowered and raieod by a hoiat 
fkoai a aurfaua vecael. ^bera era aoKO ii«BtajJ.atit;naf whara tha divine ball 
ia aeni-pantanantly sited voider watar and uead em m oboarvation atatiun. 
la thia caaa, Uie obaervara auat diva froat the aurfaoe and an ter the ball 
fron tha botton. 

Han working ia a ooiaavn or diving boll are sub^act to ail of the 
Aodical lialtatiu^a of a diver, iiowavarn this aquiraeont hm the advimtago 
of emitting wotk by aan tCK> are tmanoumbarad by diving ijekCf who are wum, 
end Mhoae viaiun la utiU.palrad by the turbidity of tha water. 
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Tm Diving V'eiiiox* 

LxciudinK tiM •uhtM.rlna^ ih« b«thy«piMnr^ and th* b<tUi)'sc«>po«, Ui«r« 
Is SQoUvur fslriy nanr grsup of divlrk vshiciss which «r« not rsasurw tight* 
Thsy ere dsoicnsd for us# biy ths fr»s divor In ordsr to psmit hljs to in* 
crssss his rungs under water suhstltutlng « motor or lilcgcu.««<lriT«m pro- 
peilsr for swln fins* eve ego^ wslx«cundlticn4»d, nan 04*n swin with fins 
sbont one ails undsrwatsr, vHh»to»», in s diving, vshlcxs, he opsrsts for 
s distance of about four nileo*^^ 

These craft have been used to a United extent for recreation and 
underwater {Wiotogris^* Tnsir pussiblu advantag-ee have »jt been exploited 
industrially* 
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F« ulvL'V 



Trurx'it la a rattier common ojiinioa wtiluii la iriieritod Troo atoriae of 
aarly aHva^tt oparatijna mid ahlcA elaaslflaa the divar m a apaciaa of uncicr- 
wator rleK«^« Allafadily, ho e&n^ with azpart gvtidiinoff froa aiBore, find 
things trxlerMaior and attaeti ilnea hla discovery* 



capiftila of out tine with gaa or aiactrlc aro, of wojLd-iH’» of caulking, and 
of eat ting ahploaivo chargoa* Virtually, all of ttie air o|>eratad or explo- 
alvo operated hand tools nay be auap^ed for tha diver's uaa. the pontoon 
and the lifting bag provide him vitti indapondent and powarful h<«lstlng equips 
naett} albeit hla control la a.«Mn<aat ruiiinentary* 

liacontly, two other devlcao iuive been tallorad for undei'eaUir uoa* 

56 

theaa are the cunera and tim indue trial televisi^jn chain* *ith tola equip- 
nent it la posaibla to aee, rocoxd and intorprat Infotvati^n khlch tha diver 
KltHt hava nlased bocauee ef liittlted vieifm, fatigue, nitrogen nax'coaia, or 
lack of apeoial cstepotanov* itotb ti;« oamara a»;d taicviaion driain art ilsiitad 
by tuxtildity, ^ust aa ia tho diver* Good eenditiona nay give raaulto ai 



fifty fast, but store uftwi l«ee$ than tan feat la tha useful range* in i 



la used to displace uIks water ijetwean the lam and Uh» object to be viewed 
or prtotogrupi^ed. This technique ic experinental. 



Actually, the present day dlvar ia a versatile BechWilo#^^ •:« is 
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C, Current A.,;piicMtlone of Tecxmlituas 

living t*cknl(tu«»« xi«v«i iuxci^ t««a ulilixiKl jK.tr .I mi geoio-> 

{^t«f pip«lia» OURS true: kirsg mkI pli.tfoi'n srs.t^wn ctcwl* Iss b 0 ol 0 k>isis 

l;sv« tttlJLlsttd Uio tsctuilqus ui' *rs«r dlirli« m» ii oI c.»t4.ziui;:i U*ir 

surf so* nt«p under eeier*^^*^ *U¥ diving )»uii alsc been uoed to ubtein 

grsvlty aster resdit^s on Um ouesi: fXs/ur*^ Thu piped- ;.c c o:. wruc]iur Mm 

snpiojad the diver to prob* U«e bo.wK prior to dib'jih.. n,.^ to ln<- 

spc«t the botton or ditox* prioi* to «.uiiinn the oxfdosivw otrini. or pipo^ a d 

to walk Uitt pipe to i:u)ur« tti^t it is Sul'flcienWy ueei{, the uitch* Mvsrs 

6P 

siao sssist in ditchiiig, end p.t.scix4t» Uxo ^dpe ctring* Hm pistfoxe co*.- 
strvictor bee used the diver to u«dd spuit co«..*.aro to Urn pxstfxHu 
This peneits pru^Btressed wire brc.oee to be stro:;;, i'rum the autl xevui to tae 
piling cep«^^ In genersx^ thiese snt the tr^ti>..n&x tasks of the diver ee 
an buxiliiury to uuder water ovt staruolion* 
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V, AHALI51.*- w»r IVISKi A. 

A« >^ubM*rged triiiXVng 

TtM praotlo«l dU'ficuLt.tiM of wortcin^ under preeiturM ireeber Utwi 
one atrcMi)<liere ivave prejudiced usijf e^rtslcieratlun of eubtAerged drilli k* iiiw- 
ever, • statwient in Keren leeue of World ail reeds^ "eiUiin five yetm 
divine belle oupabXe of being sutnerged belew water end fully oquipped for 
driUinf and with crew quarters, ney bo a reality*"^ This wee enoaurage- 
aent eaoueh to prompt e reeaSBliiat on of the poteniiiu of this epproecn to 
off<-ehorc drilling* 

1* Sequireaente 

If tile probleae aubeequent to ooxpletlon; such ae oontrol, routine 
Raintenenoe and work-overi are divorced fron tiie picture, uio wt«l potential 
of si^^nerged drilling can be aeeayed by ooiisldering In bomio detail the re* 
qulreaenta of such an operation* In thie Ounelderatlcn, the foLiimlng etate* 
■ent wae used for guldanoe, "Although opea*<water drilling nay eventuaiiy re* 
quire radical changee In drilling, equipnent. Urn oitunges should be gradual* 
Attention first nest be given to the deireiO{jmit of enalier it«no of equip* 
BHMQt and tctchnlques required for the apeolflc problans of water operatioiie.''^ 
It vae also asauned thate^y {nrojeet of this Magnitude would strive to elisiin* 
ate any deptii li»itaiic«sj tiiat is, provide for a six hundred foot operating 
depUu Xn addition, the <!eep water drilling unit should pemit unrestricted, 
year-round drilling*^ 

In general terms, the requirewente for driilijn*, may be listed ae fol- 
lows} (a) U'uneportatlvn or le^lstlc sup;>ert, (b) a source of ;>ower, (c) a 
derrick and h .letlng gear or its equd valent, (d) a mad cyetcM, (s) a drUlii^ 
string,'^? (f) storage facUitiee, eod (g) Roasing end berUilng faciUtiee, 
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The trAiwportetion of the subiMsr«lbie drljaimr barc^ and Ita io^latio 
0up}K»Tt while it le "aakliwr h<:»ley'* po««s nu now probloaa* 7i»a barge will 
either be towed to l«^ceti^n or b« oelf-propellod* Xe oe nucit as propuiaion 
esixiloMent a<Ma to the oorplexity of the barge and t© the pnyrull, it ia ae- 
eiaM»d ttiet a iV}n«>»elf«>propeiJL«d borfe would bo aeiected. lagiatic aupfwrt 
would require one tender er atation veaael to asoiat in enei^’enclea and to 
aerve aa e waminp ahlp for other aurface craft, another eorfo lu<,ger end 
probabljir a helleopter would be required for irnrieportation of n»n an<l nate<* 
riala fron the shore liose of sup'^^ort to the tender. 

Transfer of Men end Material frt^ Uw tet\der to the auwarged barge 
would undoubtouly be reetivoted to eMergcncy requiranento. hjwever, such a 
prorleien would be Mandatory to bolater the Morale of the b&rge crew, to ob- 
tain ronaonobie lnaur«ice rcteo^ and to provide for the tootwiicol aarvlceaf 
such aa eloetrlc logging and eeaiantinf.. This trortafer could be provided for 
in any of three waye» (a) by Moana of u rescue chutsber eladlor to the d«- 
vlee esployed by the Navy to reecne the aurvivors of the .^quolus}^ ib) by 
a BQoikle onlarfi>cd and fitted to permit eooesaj ortd (c) by either (a) or (b) 
above for para«.nnel and waoll equipnent only» plus a cargo lock into tha 
diving bell section uf the b&rge whioti would permit a diver to rig cargo in 
and out. Aftor conaideration of tha Magnitude of this venture and of ita 
oxparlRentol aj^pocts, the third la the iogiool selaotlon. However, pru- 
dence dictutea Ut&t both Usa acues.'i snorkle and the roaoue chonber be provided. 

Power could be provided cy diesel eiectrio generators ino tailed in 
the eubserged barge, wtond-by power for ener^enay surfaolnf and for shlpfs 
Borvice, only, would be provided by batthriea. It should be noted that the 
dieoel exhaiast blower diauhari^e pressure Muet be in exeeea of three hundred 

pounds per oquure inch. (This ossunee a six hiaidred foot ope rawing depth, 
a ten fbot s torsi ti.'e, a forty foot wave allowance of::d a sea water preacure 
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£T«dL«nt of *1:^^ pai« p«r foot*). If » aiuiiiitirciKl oxiMueto in .-^ntOHpxtttod* 
tal« pro««.<t» 6 strong roar -a f>«r dioohcrjint, oxbaust cm lhr>w<h tho 
enorklo s.nd Um Ad.ltuA«d xir corditl.>aln) lood. 

««i ti\is stag*, it •' %«• SkjipivprlaUi to pir 4 /olat tAO CA«ra«teristiM 
roctUir«Ki of ths anorklot 

(a) bo fittod for «i«7c*^y aocmu by moo; 

(b) prcvido a coa^ult for intako all*, oxbauot, end mud tank vonto; 

(o) bo of ixiffioiftct to ifkt to proirlce for an cporolliv cte«,la of 

•ix hundred feet, v«dLcb belslit li^JuId be approxlr«itejLy elx bun* 
dred fifty fceb; 

(d) ixwoese ou'ficlesat ero^ianloal etren^th to wiUMtMd burrioono 
Hind and vnve Xoootag, whicb u uUi be >.n excess of eight bun* 
Ured forty>a»v«)t pouitus per cquare Ineit* Enact values for this 
storm loud arw ant-vaLkUble*^ 

(e) ro:;ulre sufficient inttmai. or external trajin^ to rexiat the 
toppling BovuftCRt of wind lei;;.. wave loading. 

Now, ttie decision to provids an indspenthmt power supply for the 
sutmsrsftd barge «s>pe«m to be qwostionsble. Ttie aa.temhtlvo to thio approach 
is to supply power and air fraa the stat on veuael. The requireortmt for an 
sir acorso could be ollnlrated, if inforsation c?>rcem!r. the effect on nan 
of protracted expoeio** to ab«v.'mau. ccncsn'UeatloBB of carbon dloxi. • and ouv> 
earning tho dcnlgn of carbon cHoxide air corubbera, wrr# freely available, 
tferertltclcss, tho mooriof,' plan for the tender rtsiulros clsee scrutiny be- 



eauee any occurenc ^hich ST'Vi.r require ^e tender to alip ite moorings would 
Isterrapt drilling operaU as* Tho subBserged barge would be *^orced to operate 
OR CEergeacy.^ battery power and on air from its bankr. 






‘lore again it is arjvlssble to pin t>olnt the oharocteristles of tiie 
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(«) h tuet •ufflclent wci At, a .op« and 

tioXdiri' to hold tha ta* ■’«r witiwut ciriscctag un ar vtm? uad 

wave e.ndltli^nc) 

(b) tha ‘'twVMMnt >f Wic^ar b« Cva'tr' u«t bf U«* naarln^^ 

within thi It !ta of Uwi ^la^trlc wer tran£») mi 1« n oaale ^au vh and 
strf«'.rthi 

(c) aa^-h la _ Juft be aitad «d a6 u f'rocludo the jnailblilty oX 

tha aXccii'Le aabla ,)• th« suhK>r(^ 

(d) it Buct parrit U>< htc to rl^ In aunh a nannar aa to BlnlBlaa 
atom daraffi. 

It La not corx*c!craf! troit atoiclc pc«'«>’r will be evuLilahlo Xor ^cnurcl 
u»ie. If avaliaMe, It ch-*vLd be c n.jlcicracl. 

Tr»a derrlok «>! fcot t' f laor^ or Ita equivaloat, » «ld t>a iiouced -r , 
wtthln the diving taxi atnictnrs where ties vae } reaeura would La(aqu^t« 
tha bargo depth* The liBitctt.’re t» a wan*8 K.iltty to worft in praeauraa ^ ^ 
rroatcr than one atMoe^i^terr clctabe Lhht the rlf 4s o.r trolled Xtom loca« 
tl na not su. Joct to incraared oroaeure* Thin woaid inalude raaujto coi.trol 
for as t ting caatng, oessantin? {»Rd iCj^rtag «e weix «! noraal drilxin“. Any 
per»4.n anterlni* th« bell proper atnt Lc ouppiitd with a apaslal ^raathing gaa 
nixbure* ''ecoaproBaion routirves aust be i*elihiow‘ly o.>aerv»»d# AJLI ooutjsc- 
tl rso throuih th<' bf X*. tody wu»t ba provldad with stuff iir boxes and be 
pro-^erly packed* It will ruffu^e to not*- fcnat adocuate pr-iVifl n Bu^t be 
Bade to oontrax »’« rexca»e hiih y-roBcuru gase: waieh ooulr, blew Xrew the 
hale* *n eiabornte *y&t«K for the detection of expioeive u-ixtoree and 
purginp theee Kixtures fron the bexx is a oori'aiateo requlreeant* 

The aud e^’etoa teust be a^-puetej^ oloeed in order te prevont the 
e ntarinatlcn of t.is baj^e air* Xhi* rov«uiria that tna eha^« ahckcr and tite 
the isbd tanks bo \emted ttj th* ocean or vtsiite-d ti'.ro^fh tc* uttorkxe with ttie 
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dlMHiX ext)aust« wlaliarJii , lubricators tflll b* roi^ulred m ail siapiinc 
eutmsctis^ns* 

TtM dril/i 'IK strln. dsalgTi Wuuld ba Kovarnctd bj' Um of r««K>ta 

operatinc (ear amploycd. 7h« parfaction of tbc turbo-drill i#ouLd ainplify 
thio probian aoKiwhat. 

SU>ra^a facilitiaii for Uiat natoriaj. t)ot requirad in drlixine or fur 
tba drilling notarial whioh nv pipad into the ball praseat no unuauai 
problan. Uowcvar, atcroKa for th« drill pi..e and coxlara, tha aasini^f and 
the produotl, n tubing Muct ba dlractly acoaeslble to the ball eti^otura* 

The deeifn of barttiin; oad neeaint facilitlee far Uia drilling craw 
would preaent no new problen in aubn&rina daaign. Air conditioning w^uxd be 
■andatory. 

2* AdYantSKes 

The advantages of submarfad driliing BUiy ba stated ac follower 

(a) fraedon from weather intorferance) 

(b) acceaa to tiia o ontiental ^anal f » 

3* Current l^rawbadce 

The obetaolee in the path af a aubtsterged drll^i»t;, barge davoiopaiont 
are Cvnaiderable. The engineerisf developiMnt of tJ^ie barge design alone is 
a major undertaking. Uthar foreseeable problems arei U>« design of an ads- 
quate enoxiclc witlch will not dangerously Inpair the barge a lability while 
sutamex^/ing; the design of the boil etruotux*e^ including, or rapiaclng the 
derrick; or the design of ade(;uste tender mooring pxco. in edditlort^ tne 
requirement for ocrniplete remote control of uxe drlllln*' processes Inciiuatee 
that an extensive, added tlevalosseni of oxirrent autoMUtic driiiin. machinery 
ic eesentlal to the success of Uie entire project* This furtiier development 
must Include the disoovery of new technlctuae for the control of ecstenting. 
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runniti^ of and w»ij. coKiaotion. M«dj.c«d rcO(£TCd «<r* 

not ganeralljr av&lXauX* to provld* the d«»if.n critoria for w adaquaUi air 
purlfylne Byatm, Tlia eeiactis>n and trainin, of th« drlixint eroM would o« 
•xpanalvw and tin« conaunlng. Hoet atringent safety proceduroa ujuid b« a 
necessity. The initial ojct of Uio barge alone would be at xeaet ten tlMe 
tiiat of ourrent equip«ent or uver thirty nlxli^n dollara. 
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‘iatlbxvi uonatruotloQ 



iUvinr tttohniquee offer no ^reat Cwntrioution %o tbe current neUMda 
of pXatfora c<^«irucVicn» Prior to the advent of Uie enaix puatfom end 
the crlJJLlng ter.<ier, Uie uM(^^^fprefa'oricated^ suc»eri «d etora^e tanks for 
Kttd, fud and wator presented attractive advanteq.eo, pur tiouuLarxjr, In lower- 
ing the center of gravity and suvlnf platform apace* 
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C, LvdV^T^NKl ’iVtiiCtloXI 

LutMcrged pxvxluction frjk urr>»hurB weiiji «xSO px^tvnts pr«ictloiiJL 
dimeuXtifla* (luwov»r, Ui*e<» dlfricuitles «r« tjjf Um fiMt Ute 

product i.?n o*>er*ti .'ns pcrfozxkeci LtM n«iui mrv Co i»ici«rtu>ly Lmt-o oeai<« 
pleXf aiech&nio&lijr, ttim aro ino v&riour uper«U.«.nii pcrfox»<d during drilling, 
it * perr.«}:«nt typ« coKpiotlun(fc^ Md«« Ineraforo, iforkwivore <1 d not re- 
Cfuire -iirjic, bulky evtUipKent cg»oer«d to ttvc drilling rig* Anoidor, favorable 
factor le ttwi fact that woricover operatlona art of reletl^raiy atwrt duration 
and be scheduled during pet’loda of favar^ale weather* 

1* Hnquirements 

The f^chanlcai ra<;ulruesehtB for working over pensanently cc*|iioted 
wells aret^^ (a) aooeealbilltcr for inatallatiun of the wire llna blowout 
preventer, of a lubricator with a wire line stuffing box, or tne ceaenting 
heed; (h) tu>lstlng rear to assist in the liistauiatlun of tbo eb^ve eqxdp- 
nsRt} (o) Mire lino and reel for runnini; tools in am out of tns mci^} and 
(d) the ability todatenaine ^ t ol location by Uie feel of the wire lir«c* 

the factors which will control the acv^eeslUlxity of the well to a 
diver ere depU^, turbidity of Ute water, and the water tenperature* tepthe 
to one Itundred fifty feet ere aecessibie to divers breaUtiitv conpresaed air 
for periot.s of time sufficient to lYuttoil equipaent* a aiaail decor-pruasicti 
ehmher on the woiricover boat can be used to advanta|.e by r piaciTig Ute ten 
foot oeconpresaion stop or using surface docos^preesi.n exclusively* driefly, 
decj«p:^ 08 :>i».n tieo cn the stoge soy bo cut a^prcxlswtely fifty percent by 
eeirg the tor the ten foot step* luruid water should not be s critical 

c^afitlcn to the ex eriencec diver but it will eio« hliR up* *ate tempera- 
teres within the dulf of Hexico s^iould present no problem to the diver* 
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Tetr.peraturBfi slow ut>*r«tiwnii* 

Tho huiatlnj gMar fox* handLirit aqulpHent to b* in-taalcd at tne 
veil h«a<l would raquira dealt n and deyalo^vMnt. it\ odditi n to the bo«R, 
pixaiblnr tk*> well iMcad, It a«K>jld hove an air driven winch wlUi a reej. oa- 
pacLty of about two hundred faet of wire, rcferabiy^ thic |»ar would be 
anitiaedt 7tw) runnlnf end of Ui« winch wire axiuuld nit only be fitted to 
handle the equl;x«nt for the wexi heac. but should eOLsu ban le a Hiavy-t^p#, 
carpenter stop,-or« 

Tl'te wire line ana reex for runninf, toula in and out would be in- 
stalled on the tonwer* Ihe wire ilhe ahouid lead Uiroi^ h a daati snoava to 
provide eone freedoa of notlwn for Uie tender* This lino fron the boat would 
be eio^ered off and the toels naAdied the diver's winch at ttM critical 
poibto} i*e* the top of the hole and the seating locations la the procuotion 
sone* It should bo noted Ui»t this procedure will gixie the diver th« ability 
to feel the line* 

Mell contxvil e;,ulpBeAt precently In use conld be converted for use 
on subeeri'ml wells without any aut^r mdesirn* ilydraulic equirnent would 
prtvent only a siifhtly different corrosion probldn* Electric etsuixswint 
w.:uld share the corrosion probleet and, in addition^ require [n*eenure proof- 
1]^* tills ocxild readily be aect^pllshod by a hydraulic fiij. or by tho in- 
stallation of a fS8 pressured siteii* 

2* Potential Advanta(res 

The potential advantat^es of subKcrj^'od ct^pletiv^ «re as follows^ 

(a) ellRinaiion of well head oroductl n platforas end tnelr isttintat^a ge an a 

(b) elininati >n of weather and fire hasard to well ncea olatfoms and to 
the well head tubini between th* bottoR asel th* pxatlhr** 

3* l'4sa(!yanta£«8 

Tlte dlcadvantafos of tala eubmerged procoduru osici la) i;tcrisaod 
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ci plexity of work.>v«r pr^cedorwj (b) iiii b«r workover eosM *r»d Kg) In- 
creftced cost of preseuz^o prwl w*ll Muo c^r tj:>oxo« 

U« S«a»«ry .jn ' uUnersed \/piio»Ll'--n 

It . iwuld bo n^Uu U-.e* fatn^rinf tacks &sw oUier r«x«>t>a4 scrvica 
squl{.«snt wiij. atlXi r^'^ulxs plaUTonne. Tbi refore^ suosirrted ooflQxLstions 
will (<nXj' be a'Vantageoua for those wexis which are too r«^ts to pemit 
ccapietion at the faUtsirliu. Usik . xatfom* 
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VI. O^M0*.aJIONJ 

As a result of this Ihtss titration, it is possible to oraw sons con- 
clusicms cunesminf; the prospects of sp.. lying diving tsenniques to toe off- 
shore problems. At this noment, it is «pj.arent that divers can only perform 
their traditional services in platfom construotion, in underwater inspec- 
tiorsy and in pi])ellne repairs. Aided by sor.o en|/ineoring devoiopnent of 
equipment and techniques^ subnercod^ permanent completions to a depth of 
about one hundred fifty feet could be serviced by employing diving teenniqueo. 
The development of an all-weather, deep water, submerged drilling rig is a 
research development problem 1 volving more than the barge development alone. 
Even after the difficulties x^lated to the power siqs. ly, the bell design, 
and th. accessibility of the barge ore eliminated, mure basic obstacles re- 
main. The basic data which are required in order to establish design cri- 
teria for the barge ventilation system end air purifying are unavailable. 
Automatic drilling rig controls which pemit rmaote control of the essential 
operations of running casing, logging, and cementing have not been developed. 
Tne techniques for cu; pleting and producing a well at tna greater depths 
(beyend one hundred feet) ere untried. Tn« availability of a cr«W capable 
of operating end maintainlzig a submerged drilling rig is uncertain. 
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rix. fc.. iijao 

it it rtoorjR«nde«i » 

(a) ttM dtvtiopiKint of euttwrgtd preCusti n 1 ms initl-^d &nd purtutd 
with rTvtrpctst of dcMcntlrttiii* oojvowLc mi wtil as tecfinicai fcMibllitdr; 

(b) a Xiaiton b« eettblithtd witjit tho w. o, buvy^ durtau of Kahi- 
eii't tnd turgery^ in order to oaeurt the i*«Xea$« oi data wiUcn tr« required 
to attobXichODtitcn sritaria for Uia vontiXatlun tyataa of «w^ aabaeread, in> 
habiiad bargaj 

(a) that the <1aveXo?naat af autonatle driXXin* rig* ba e.ntlnuad 
and thair Aaictione axpandad to tha oontrol o£ rmtnlsig eatimL^ catKmtln«.|p 
and XagElog} 

(d) no dirvet eni’.lacariafi doveXo{«ent of a aubMtrii!ad driallt-g bar^e 



ba initiated \«tU. daclgn criteria on «CRtiiation and on the drilXLnt; naunitv 
ary are available and era Xlm« 
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AP E>0)IX I 
Befinitlons 

DAthyscapho > A snail subiaarlna (lavinc Eosoline instcau of air for main 

ballast control. It nuv holds tho world's record for d«ap diving* 
is used by J. dosteau atid a. l^cord. 

Bathysphere - An observation chmaber, fitted to withstand great prossures, 
which is lowered to great depths. It has been enployed by nillian 
Beebe end Auguste ?icard. 

Blowing wild • An expx*ession for an oil well which is out of control and 
violently emitting oil and gas. 

Carpenter stopper - A mechanical device for holding a wire line by neans of 
opposed wedges. The Kavy-type stopper will hold the wire until it 
parts, without damage to the wire. 

Cementing - A name given to several simixar operations wnereby cement is in- 
jected into a well in order to seal the ends of the casing to the 
surroutxlltig formation; to repair a casing leak; or to Isolate a 
particular strata behind the casing string for production. 

Ccnductor pipe - A relatively short large diameter pipe extending frcei the 
surface and used to provide a passage for the drilling fluid at the 
start of drilling. 

Crown block - The fixed block of the hoisting tackle of an oil well derrick. 

Decompression time - Ihe total tine requijred to safely reduce tne gas satura- 
tion of a man's body to normal, after exposure to pressures greater 
than one atmosphere. 

Drilling string - The rotating elements of the rotary rig from the swivel 



to the bit, 
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Lopping - A general term incxudlng any motnod of securing inforaation con- 
ccxnriLng an oil wexl whicii na> require lowering instruncnts into the 
well boro. 

Lubricator •* mechanical device permitting ttie in reduction of tooxs or equip- 
ment into a high pressure vessel or pipe wiUiuut release of pressure. 

Making hold - a terra applied to a drilling' rip which is on location anh en- 
gaged in drilling* 

Mooring - A terra used here to describe the entire arrancement for attacnixjg 
a vessel to the oc^an bottom. 

Mud - A descriptive term for the fluid used in drilling by the rotary method 
and for any dr: or concentrated liquid fom of that fluid. 

Off-shore - A term used here to designate my area which is dir ctiy exposed 
to the open ocean from the lower low water nark to the one hundred 
fathom cuirve. 

Pontoon - A chamber which is fitted with special ballasting and debaiilasting 
equipment and comtaonly used to assist in raising objects fzvm the 
ocean floor. It is here used to include any tank, not included witii- 
in the hull proper but attached to the huil and used for adjusting 
the boqyancy or bearii^; pressure of the hull on the ocean bottom. 

Running end - The moving or free end of a woiicing rope or line. 

Stage or stop - An intermediate pressure between the working pressure of the 
diver and atmospheric pressure at which the diver must remain for a 
fixed period of time for safe decompression. 

Tidslands (as used herein) - Any land which underlies water which exhibits ^ 
tidal action. 

Turbo-drill - A drill and attached turbine xised in connection with a rotary 
drilling rig whereby the turbine and drill are totated by enerjy 
transmitted by the circulating fluid (mud). 
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